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fined as a pregnant woman or newborn infant aged < 28 
days from whom L. monocytogenes has been isolated 
from a sterile site such as the blood, placenta or cer-
ebrospinal fluid. Based on epidemiological and clinical 
data available, cases were classified as: Maternal infec-
tion with ongoing pregnancy, fetal loss and live born ne-
onatal listeriosis. Fetal loss was defined as the death of 
the fetus that occurred prior to the complete expulsion 
or removal from the body of the mother, whatever the 
gestational age, according to WHO-PAHO definition [6].

Strains
From a Culture Collection of 334 human listeriosis 

isolates, a set of 111 isolates from pregnancy-associat-
ed listeriosis cases collected by the National Reference 
Laboratory (NRL) from 1986 to 2016 were studied. The 
strains had been isolated and identified by standard 
methods in the routine clinical microbiology laborato-
ries of the healthcare facilities from 11 provinces of Ar-
gentina.

Phenotypic characterization
Species identification was confirmed using morpho-

logical and biochemical tests [7]. Serotyping was carried 
out by a multiplex PCR which is based on the amplification 
of the following target genes: prs, lmo0737, lmo1118, 
open reading frame 2110 (ORF2110), ORF2819, 
and prfA as described by Doumith, et al. [8]. This PCR 
assay classifies strains into five distinct molecular sero-

Introduction
Invasive listeriosis is a rare but life-threatening infec-

tion caused by Listeria monocytogenes. Human invasive 
listeriosis is considered a foodborne disease and con-
taminated ready-to-eat foods represent high-risk sourc-
es of human listeriosis [1]. Listeriosis generally affects 
immunocompromised individuals, pregnant women 
and newborns. In this risk group, listeriosis has a high 
lethality rate of 20 to 30% [2]. The infection is character-
ized by various clinical conditions such as spontaneous 
abortions, meningoencephalitis, septicaemia, gastroen-
teritis, and serious infections to the newborns [3]. Preg-
nant women are 15 to 18 times more likely to develop 
listeriosis after consumption of food contaminated with 
L. monocytogenes as opposed to the general popula-
tion [4]. They tend to have mild clinical symptoms or be 
asymptomatic but the infection can have severe out-
come for the fetus or newborn infant including miscar-
riage, stillbirth, neonatal sepsis and/or meningitis [5].

We performed a retrospective study in order to re-
port culture-confirmed cases of pregnancy-related lis-
teriosis occurring in Argentina from 1986 to 2016, to 
describe serotype distribution and to assess the genetic 
diversity of L. monocytogenes isolates.

Material and Methods

Case definition
One case of pregnancy-related listeriosis was de-
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groups: IIa (serotypes 1/2a, 3a), IIb (serotypes 1/2b, 3b, 
7), IIc (serotypes 1/2c, 3c), IVa (serotypes 4a, 4c), and IVb 
(serotypes 4b, 4ab, 4d, 4e) and the variant profile of mo-
lecular serogroup IVb (IVb-v1) described in 2011 [9]. In a 
previous study we compared this PCR with the conven-
tional agglutination method in a collection of more than 
300 isolates of L. monocytogenes recovered from hu-
man listeriosis cases, food and environment. We found 
98% concordance between both serotyping methods 

[10], therefore, we implemented multiplex PCR as an 
alternative to laborious and expensive classical serotyp-
ing. The control strains used for the PCR reactions were 
L. monocytogenes 1/2a CCBE105/04-380, L. monocy-
togenes 1/2b CCBE105/04-582, L. monocytogenes 1/2c 
CCBE105/04-754, L. monocytogenes 3a CCBE105/04-
436, L. monocytogenes 3c CCBE105/04-412, L. mono-
cytogenes 4a CCBE105/04-988, L. monocytogenes 4b 
CCBE105/04-868 and L. innocua CCBE105/04-90. These 
strains belong to the Special Bacteriology Culture Col-
lection (CCBE) and were serotyped with conventional 
somatic and flagellar antigen serum agglutination using 
both slides and tubes (Denka Seiken Co, LTD, Japan).

Molecular typing
From 2007, L. monocytogenes isolates from preg-

nancy-associated listeriosis cases (n = 21) were routine-
ly subtyped by DNA macro restriction and pulsed-field 
gel electrophoresis (PFGE) as a means to survey for out-
breaks, according to Center for Disease Control and Pre-
vention PulseNet standardized procedure, using the re-
striction enzymes AscI and ApaI [11]. A set of 23 isolates 

received at the NRL from 1996 through 2005 was se-
lected and PFGE was performed retrospectively as part 
of this study. Salmonella enterica serovar Braenderup, 
strain H9812, restricted with XbaI was used for molec-
ular weight determinations in all PFGE gels. The cluster 
analysis was made by a similarity matrix calculation us-
ing the Dice coefficient and dendrograms were gener-
ated with BioNumerics 5.10 software (Applied Maths, 
St-Martens-Latern, Belgium) using the unweighted pair 
group method with arithmetic mean (UPGMA) with 
tolerance set to 1.5%. A concatenated analysis of both 
similarity matrixes of ApaI and AscI fingerprints was per-
formed resulting in a cluster analysis characterizing all 
strains on the average similarity using both methods. 
Isolates were considered having the same pulsotype if 
they had identical band patterns (no single-band differ-
ences) with both enzymes. A cluster was defined when 
2 or more isolates showed indistinguishable pulsotype 
with both enzymes.

Results
The percentage of pregnancy-associated listeriosis 

cases isolated per decade is shown in Figure 1.

Cases were classified as: Maternal infection with on-
going pregnancy (12%); foetal loss (7%) and live born 
neonatal listeriosis (81%). Information about gestation-
al age from foetal loss cases (n = 8) was available for 6 
women (third trimester of pregnancy) and one woman 
(second trimester). Isolates from live born neonatal lis-
teriosis were recovered from blood (72%), cerebrospi-
nal fluid (17%) and both blood and cerebrospinal fluid 
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Figure 1: Percentage of culture confirmed cases of pregnancy related listeriosis per decade during the period 1986-2016. 
(PRL: pregnancy related listeriosis cases; non-PRL: listeriosis cases non associated to pregnancy).
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Figure 2: Genetic relationships of Listeria monocytogenes isolates from pregnancy related cases, based upon comparison of 
pulsed-field gel electrophoresis profiles obtained with the restriction enzymes ApaI and AscI. The dendrogram was produced 
with a Dice similarity coefficient matrix, using the unweighted pair group method with arithmetic mean (UPGMA). Tolerance 
and optimization values were set to 1.5%. Clusters are arbitrarily designated A to F.
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diversity of L. monocytogenes isolates. Figure 2 showed 
a decrease in the number of cases of pregnancy-asso-
ciated listeriosis during the last decade in Argentina. 
This observation is coincident with the improvement of 
the National Laboratory Network Systems in the coun-
try and the implementation of training and educational 
programs targeting biomedical community to improve 
prevention measures, early diagnosis and surveillance 
of the disease. In Argentina an effort to strengthen 
quantitative microbiological criteria, with a zero toler-
ance policy for foods that support the multiplication of 
bacteria has been implemented during the late 90s and 
recently regulations for L. monocytogenes aiming to the 
absence of this pathogen in 25 g of sample has been 
extended to ready-to-eat food. During the last decade, 
the improvement in control measures implemented at 
the local food production level might have impacted in 
the decrease of the number of cases. The retrospective 
molecular subtyping analysis showed clusters with iso-
lates temporarily related which could represent under 
detected outbreaks.

Discussion
The report of cases of listeriosis is not mandatory 

in Argentina. Argentinean statistics on human listerio-
sis has been based on a laboratory surveillance of the 
strains voluntary submitted to the National Reference 
Laboratory [20]. Underreporting might exist and rou-
tine surveillance of both cases and food is therefore in-
complete. This study reports that 33% (111/334) of the 
identified listeriosis cases in Argentina were pregnan-
cy-related and such frequency is similar to the rates re-
ported in other countries such as Spain 32.5% and Israel 
35%) [5,21]. Effective surveillance of listeriosis requires 
information about types of food consumed by the pa-
tients in order to assess risk and improve the awareness 
of dietary recommendations in susceptible population. 
Better centralized collection and subtyping of clinical 
and food isolates of L. monocytogenes would improve 
listeriosis monitoring, making it possible to detect out-
breaks in real time and trace the sources of infection in 
order to enable rapid recalls of potentially contaminat-
ed products.

Acknowledgments
We thank Mr. Gastón Dangiolo and Mrs. Laura Polito 

for technical assistance.

Conflict of Interest
None.

Funding
This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-
profit sectors.

References
1. Cartwright EJ, Jackson KA, Johnson SD, Graves LM, Silk 

(11%). All the strains isolated from maternal infection 
with ongoing pregnancy were recovered from blood 
cultures of the pregnant women, no miscarriage was 
reported. Serogroup IVb was prevalent (66%), followed 
by serogroup IIb (31%). Two isolates were assigned to 
serogroup IIa (2%) and one isolate to serogroup IIc (1%).

Molecular characterization of the 44 isolates of L. 
monocytogenes revealed 25 different PFGE types with 
AscI, whereas 26 patterns were identified using ApaI. 
One strain was no typeable by PFGE. Combining pat-
terns from both enzymes resulted in 33 distinguishable 
types. As shown in Figure 2. Six clusters were identified 
which grouped isolates with indistinguishable finger-
print when analysed with both enzymes. They were 
arbitrarily named cluster A (4 isolates), cluster B (3 iso-
lates) and clusters C, D, E and F with 2 isolates each of 
them. All the isolates grouped in clusters belonged to 
serogroup IVb. Since the NRL implemented PFGE as a 
means to survey for outbreaks, one cluster (cluster D) 
was detected and epidemiological data suggested that 
it might correspond to a probable nosocomial transmis-
sion involving 2 isolates of two newborns born consec-
utively in the same hospital in 2011. The NRL reported 
immediately to the Hospital and epidemiological inves-
tigations found no evidence of a food-borne or environ-
mental source. The timing of onset of these infections 
within the same unit suggested cross-infection of L. 
monocytogenes between the two neonates. Blood cul-
ture and vaginal discharge from one mother were ana-
lysed and yielded negative for L. monocytogenes. Unfor-
tunately, no clinical specimens were available from the 
other mother. Clusters A to C, E and F were identified 
as part of the retrospective analysis carried out for this 
study, therefore, epidemiological investigation could 
not be performed. Nevertheless, these clusters includ-
ed identical bacterial clones isolated in a short period of 
time, pointing to possible common sources of infection.

Conclusion
In recent years, epidemiology of pregnancy-related 

listeriosis has been investigated and well documented in 
several developed countries, such as England and Wales 

[12], France [13], United States [14], Israel [5] and Italy 
[15]. Listeriosis has been largely underreported in de-
veloping countries. There are few data about listeriosis 
collected in South America. Sporadic cases of listeriosis 
has been described in the region during the last 30 years 
[16-19] but the first listeriosis outbreaks with a clear ep-
idemiological association between the consumption of a 
particular type of food were reported in Chile [17]. One 
outbreak occurred in 2008 with 165 reported cases and 
14 deaths and was associated with the consumption 
of two types of soft cheese, a second outbreak in 2009 
with 73 reported cases and 17 deaths was associated 
to consumption of sausage [17]. This is the first report 
describing the burden and trend of pregnancy associ-
ated listeriosis in Argentina and assessing the genetic 

https://doi.org/10.23937/2474-3658/1510155
https://wwwnc.cdc.gov/eid/article/19/1/12-0393_article


ISSN: 2474-3658DOI: 10.23937/2474-3658/1510155

Prieto et al. J Infect Dis Epidemiol 2020, 6:155 • Page 5 of 5 •

cytogenes by pulsed-field gel electrophoresis (PFGE).

12. Gillespie A, Mook P, Little CL, Grant KA, McLauchlin J 
(2010) Human listeriosis in England, 2001-2007: Associa-
tion with neighborhood deprivation. Euro Surveill 15: 7-16.

13. Girard D, Leclercq A, Laurent E, Lecuit M, de Valk H, et 
al. (2014) Pregnancy-related listeriosis in France, 1984 to 
2011, with a focus on 606 cases from 1999 to 2011. Euro 
Surveill 19: 20909.

14. Lamont RF, Sobel J, Mazaki-Tovi S, Kusanovic JP, Vais-
buch E, et al. (2011) Listeriosis in human pregnancy: A sys-
tematic review. J Perinat Med 39: 227-236.

15. Filipello V, Amato E, Gori M, Huedo P, Ciceri J, et al. (2017) 
Epidemiology and molecular typing of pregnancy-associat-
ed listeriosis cases in Lombardy, Italy, over a 10-year peri-
od (2005-2014). Infect Dis Obstet Gynecol.

16. Prieto M, Martinez C, Aguerre L, Rocca MF, Cipolla L, et al. 
(2016) Antibiotic susceptibility of Listeria monocytogenes 
en Argentina. Enferm Infec Micr Clin 34: 91-95.

17. Montero D, Bodero M, Riveros G, Lapierre L, Gaggero A, 
et al. (2015) Molecular epidemiology and genetic diversity 
of Listeria monocytogenes isolates from a wide variety of 
ready-to-eat foods and their relationship to clinical strains 
from listeriosis outbreaks in Chile. Front Microbiol 6: 384.

18. Vélez-Leal JL, Dávila-Ramírez F (2015) Listeriosis neona-
tal en Colombia… ¿Igual que hace 20 años? Rev Cienc 
Salud 13: 301-308.

19. Barbosa AV, Cerqueira Ade M, Rusak LA, Dos Reis CM, 
Leal NC, et al. (2015) Characterization of epidemic clones 
of Listeria monocytogenes serotype 4b isolated from hu-
mans and meat products in Brazil. J Infect Dev Ctries. 9: 
962-969.

20. Prieto M, Martínez C, Epszteyn S, Armitano R, Cipolla L, et 
al. (2017) Subtipificación de aislamientos de Listeria mono-
cytogenes de muestras clínicas y de alimentos listos para 
el consumo en Argentina durante 2016. Actualizaciones en 
Sida e Infectología 25: 1-243.

21. Garrido V, Torroba L, García-Jalón I, Vitas AI (2008) Sur-
veillance of listeriosis in Navarre, Spain, 1995-2005--epide-
miological patterns and characterization of clinical and food 
isolates. Euro Surveill 13: 19058.

BJ, et al. (2013) Listeriosis outbreaks and associated food 
vehicles, United States, 1998-2008. Emerg Infec Dis 19: 
1-184.

2. Todd ECD, Notermans S (2011) Surveillance of listeriosis 
and its causative pathogen, Listeria monocytogenes. Food 
Control 22: 1484-1490.

3. Barbuddhe SB, Chakraborty T (2009) Listeria as an entero-
invasive gastrointestinal pathogen. In: Sasakawa C, molec-
ular mechanisms of bacterial infection via the gut. Curr Top 
Microbiol Immunol 337: 173-195.

4. Goulet V, Hebert M, Hedberg C, Laurent E, Vaillant V, et al. 
(2012) Incidence of listeriosis and related mortality among 
groups at risk of acquiring listeriosis. Clin Infect Dis 54: 652-
660.

5. Elinav H, Hershko-Klement A, Valinsky L, Jaffe J, Wiseman 
A, et al. (2014) Pregnancy-associated listeriosis: Clinical 
characteristics and geospatial analysis of a 10-year period 
in Israel. Clin Infect Dis 59: 953-961.

6. Organización Panamericana de la Salud-Oficina Sanitaria 
Panamericana (1995) Clasificación Internacional de En-
fermedades y Problemas Relacionados con la Salud. (10th 
edn), Organización Panamericana de la Salud, Washing-
ton, DC, 3.

7. Wellinghausen N (2011) Listeria and Erysipelothrix. In: 
Versalovic J, Carroll K, Funke G, Jorgensen JH, Landry 
ML, Warnock D, Manual of clinical microbiology. (10th edn), 
ASM Press, Washington, DC, 403-412.

8. Doumith M, Buchrieser C, Glaser P, Jacquet C, Martin P 
(2004) Differentiation of the Major Listeria monocytogenes 
serovars by multiplex PCR. J Clin Microbiol 42: 3819-3822.

9. Huang B, Fang N, Dimovski K, Wang X, Hogg G, et al. 
(2011) Observation of a new pattern in serogroup-related 
PCR typing of Listeria monocytogenes 4b isolates. J Clin 
Microbiol 49: 426-429.

10. Callejo R, Prieto M, Martínez C, Aguerre L, Rocca F, et al. 
(2008) Study by multiplex PCR of Listeria monocytogenes 
serotypes isolated in Argentine. Rev Arg Microbiol 40: 89-
92.

11. (2009) PulseNet USA. One-day (24-48 h) standardized lab-
oratory protocol for molecular sub-typing of Listeria mono-

https://doi.org/10.23937/2474-3658/1510155
https://pubmed.ncbi.nlm.nih.gov/20630146/
https://pubmed.ncbi.nlm.nih.gov/20630146/
https://pubmed.ncbi.nlm.nih.gov/20630146/
https://pubmed.ncbi.nlm.nih.gov/25306879/
https://pubmed.ncbi.nlm.nih.gov/25306879/
https://pubmed.ncbi.nlm.nih.gov/25306879/
https://pubmed.ncbi.nlm.nih.gov/25306879/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593057/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593057/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593057/
https://www.hindawi.com/journals/idog/2017/6479121/
https://www.hindawi.com/journals/idog/2017/6479121/
https://www.hindawi.com/journals/idog/2017/6479121/
https://www.hindawi.com/journals/idog/2017/6479121/
https://www.sciencedirect.com/science/article/abs/pii/S0213005X15001172?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0213005X15001172?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0213005X15001172?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fmicb.2015.00384/full
https://www.frontiersin.org/articles/10.3389/fmicb.2015.00384/full
https://www.frontiersin.org/articles/10.3389/fmicb.2015.00384/full
https://www.frontiersin.org/articles/10.3389/fmicb.2015.00384/full
https://www.frontiersin.org/articles/10.3389/fmicb.2015.00384/full
https://revistas.urosario.edu.co/index.php/revsalud/article/view/3818
https://revistas.urosario.edu.co/index.php/revsalud/article/view/3818
https://revistas.urosario.edu.co/index.php/revsalud/article/view/3818
https://jidc.org/index.php/journal/article/view/26409737
https://jidc.org/index.php/journal/article/view/26409737
https://jidc.org/index.php/journal/article/view/26409737
https://jidc.org/index.php/journal/article/view/26409737
https://jidc.org/index.php/journal/article/view/26409737
https://pubmed.ncbi.nlm.nih.gov/19081001/
https://pubmed.ncbi.nlm.nih.gov/19081001/
https://pubmed.ncbi.nlm.nih.gov/19081001/
https://pubmed.ncbi.nlm.nih.gov/19081001/
https://wwwnc.cdc.gov/eid/article/19/1/12-0393_article
https://wwwnc.cdc.gov/eid/article/19/1/12-0393_article
https://wwwnc.cdc.gov/eid/article/19/1/12-0393_article
https://www.sciencedirect.com/science/article/abs/pii/S0956713510002422?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0956713510002422?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0956713510002422?via%3Dihub
https://link.springer.com/chapter/10.1007%2F978-3-642-01846-6_6
https://link.springer.com/chapter/10.1007%2F978-3-642-01846-6_6
https://link.springer.com/chapter/10.1007%2F978-3-642-01846-6_6
https://link.springer.com/chapter/10.1007%2F978-3-642-01846-6_6
https://academic.oup.com/cid/article/54/5/652/326172
https://academic.oup.com/cid/article/54/5/652/326172
https://academic.oup.com/cid/article/54/5/652/326172
https://academic.oup.com/cid/article/54/5/652/326172
https://academic.oup.com/cid/article/59/7/953/2895749
https://academic.oup.com/cid/article/59/7/953/2895749
https://academic.oup.com/cid/article/59/7/953/2895749
https://academic.oup.com/cid/article/59/7/953/2895749
http://ais.paho.org/classifications/Chapters/pdf/Volume3.pdf
http://ais.paho.org/classifications/Chapters/pdf/Volume3.pdf
http://ais.paho.org/classifications/Chapters/pdf/Volume3.pdf
http://ais.paho.org/classifications/Chapters/pdf/Volume3.pdf
http://ais.paho.org/classifications/Chapters/pdf/Volume3.pdf
https://jcm.asm.org/content/42/8/3819
https://jcm.asm.org/content/42/8/3819
https://jcm.asm.org/content/42/8/3819
https://jcm.asm.org/content/49/1/426
https://jcm.asm.org/content/49/1/426
https://jcm.asm.org/content/49/1/426
https://jcm.asm.org/content/49/1/426
https://pubmed.ncbi.nlm.nih.gov/18705488/
https://pubmed.ncbi.nlm.nih.gov/18705488/
https://pubmed.ncbi.nlm.nih.gov/18705488/
https://pubmed.ncbi.nlm.nih.gov/18705488/

	Title
	Corresponding author
	Introduction
	Material and Methods 
	Case definition 
	Strains
	Phenotypic characterization 
	Molecular typing 

	Results
	Conclusion
	Discussion
	Acknowledgments
	Conflict of Interest 
	Funding
	References
	Figure 1
	Figure 2

